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ABSTRACT 

A s e t t l i n g  column has  been developed which can be used i n  conjunct ion 
with x-rays t o  fo l low t h e  s e t t l i n g  of minera l  p a r t i c l e s  i n  opaque l i q u i d  
a t  high tempera tures  and p r e s s u r e s .  The minera l  p a r t i c l e s  a t t e n u a t e  t h e  
x-rays t o  a much g r e a t e r  e x t e n t  than  t h e  l i q u i d .  This  i n d i r e c t  x-ray 
system produces photographs showing t h e  s o l i d s  s e t t l i n g  f r o n t  as a func t ion  
of he ight  a t  a given t i m e  wi thout  d i s t u r b i n g  t h e  sedimentat ion process .  

This  system c o n s i s t s  of  a x-ray head and a s p e c i a l  s t e e l  s e t t l i n g  
chamber w i t h  aluminum windows, p laced  i n  a l e a d  l i n e d  box. T h e . c e l 1  is 
connected t o  an au toc lave  from which t h e  sample is t r a n s f e r r e d  a f t e r  prep- 
a r a t i o n .  
pressures  up t o  2.9 x lo6 N / m Z .  
of minera l  p a r t i c l e s  i n  a c o a l  l i q u i d  w i t h  and without  t h e  a d d i t i o n  of 
so lvent .  The experiments  a r e  reproducib le  t o  w i t h i n  10% e r r o r .  The x- 
r a y  measurement technique provides  both t h e  i n i t i a l  s e t t l i n g  rate and t h e  
he ight  of t h e  compression reg ion .  

This  system i s  capable  of run  temperatures  up t o  315OC and 
Data a r e  r e p o r t e d  f o r  t h e  sed imenta t ion  

INTRODUCTION 

In t h e  c o a l  l i q u e f a c t i o n  process  some c o a l  p a r t i c l e s  and mineral  
matter a r e  not  converted t o  t h e  l i q u i d  product .  To u t i l i z e  t h i s  product  
as a f u e l ,  t h e  s o l i d s  must be  e l imina ted .  Many processes  f o r  s o l i d s  re- 
moval are being i n v e s t i g a t e d ,  such a s  f i l t r a t i o n ,  c e n t r i f u g a t i o n  and 
so lvent  p r e c i p i t a t i o n .  Solvent  p r e c i p i t a t i o n  has  been s tudied  i n  d e t a i l  
by v a r i o u s  r e s e a r c h  groups i n  determining t h e  s e t t l i n g  p r o p e r t i e s  of t h e  
p a r t i c l e s .  Cont inenta l  Coal Development Corporat ion (Gorin, e t  a l . ,  1975; 
Burke, 1976), Argonne Nat iona l  L a b o r a t o r i e s  (Huang and Fischer ,  19 ) and 
Oak Ridge Labora tor ies  (Rodgers, 1975, 1976) employ d i r e c t  sampling tech-  
niques t o  determine t h e  s o l i d s  concent ra t+on a s  a func t ion  of t i m e  and/or  
he ight  i n  sedimentat ion columns. This  procedure i s  very  time consuming 
because of t h e  number of chemical  a n a l y s e s  which must be  performed. In 
a d d i t i o n  t h e  sampling d i s r u p t s  t h e  s e t t l i n g  phenomena t o  some e x t e n t .  
The i n d i r e c t  x-ray technique avoids  t h e  d i r e c t  sampling problem and per- 
m i t s  r a p i d  measurement so t h a t  a wide range of chemical a d d i t i v e s  can b e  
screened.  

There a r e  numerous techniques  t o  measure t h e  i n i t i a l  s e t t l i n g  rate 
of s o l i d s  i n  c l e a r  o r  t r a n s l u c e n t  l i q u i d s .  Most of t h e  common l i g h t  ab- 
s o r p t i o n  or l i g h t  s c a t t e r i n g  techniques cannot be used i n  opaque so lu -  
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t ions .  X-rays have been used through t h e  y e a r s  i n  t h e  medical  f i e l d  as  
wel l  as i n  i n d u s t r y .  X-rays have been previous ly  employed t o  determine 
p a r t i c l e  s i z e  d i s t r i b u t i o n  v i a  sedimentat ion.  The Sedigraph 5000 is one 
such instrument ,  manufactured by Micromer i t ics  Instrument  Corpora t ion ,  
t h a t  measures p a r t i c l e  s i z e  d i s t r i b u t i o n  from s e t t l i n g  r a t e  d a t a  by de- 
t e c t i n g  t h e  concent ra t ion  of p a r t i c l e s  remaining a t  decreas ing  sedimenta- 
t i o n  depths  a s  a f u n c t i o n  of t i m e  a t  room temperature  and p r e s s u r e .  This  
apparatus  could not  be used f o r  t h e  c o n d i t i o n s  of sed imenta t ion  f o r  c o a l  
l i q u i d s  because of t h e  high p r e s s u r e s  and tempera tures .  

This  paper  d i s c u s s e s  a n  x-ray system which was devised t o  meet severe  
process  condi t ions .  I n  g e n e r a l  t h e  appara tus  involved an au toc lave  f o r  t h e  ' 

prepara t ion  of t h e  sample and t h e  s e t t l i n g  chamber f o r  x-ray d e t e c t i o n  of 
the  s e t t l i n g  s o l i d s .  Most p a r t s  were made of s t e e l  wi th  aluminum windows 
f o r  x-ray p e n e t r a t i o n .  Sedimentat ion can be determined over a range of 
temperatures (ambient t o  315OC) and p r e s s u r e s  (atmospheric t o  2.9 x l o 6  N/m2.) 

The c o a l  l i q u i d  used i n  t h e  experiments  t h a t  fo l low i s  Solvent  Refined 
Coal (SRC) f i l t e r  feed.  Mineral  m a t t e r  conten t  of  SRC f i l t e r  feed  i s  with- 
i n  a range of 2.6 t o  3 .0  w t . %  from low temperature  a s h  s t u d i e s .  The SRC 
f i l t e r  feed used i s  i n  a 3 /1  ratio of so lvent  to  c o a l .  

EQUIPMENT 

The sed imenta t ion  c e l l  is  shown i n  a schematic  i n  F igure  1. The s t e e l  
p a r t s  of t h e  cell are extremely over  designed.  The t h i n  aluminum windows 
a r e  of d i f f e r e n t  t h i c k n e s s  f o r  t h e  d i f f e r e n t  p r e s s u r e s .  P r e s e n t l y ,  0.16 cm 
t h i c k  windows a r e  used i n  a l l  experiments  w i t h  a maximum p r e s s u r e  of 1.1 x 
lo6 N/m2.  
required f o r  the maximum p r e s s u r e  of 2 .9  x lo6 N / m 2 .  
used t o  make a s e a l  between t h e  aluminum windows and t h e  steel  body of t h e  
c e l l  wi th  t h e  a i d  of s e a l i n g  compound. The dimensions of i n t e r e s t  a r e  
given i n  F igure  1. 

The x-rays p e n e t r a t e  t h e  t h i c k e s t  windows (0.25 cm) which a r e  
Garlock g a s k e t s  a r e  

The volume of t h e  c e l l  is EO cm3. 

The schematic  of  t h e  a p p a r a t u s  i s  shown i n  F igure  2.  The s e t t l i n g  
chamber is placed i n  a lead  l i n e d  box and is connected through t h e  box 
t o  a 300 m l  P a r r  Ins t ruments  Autoclave.  High p r e s s u r e  and temperature  
f i l t e r  ho lders  as  w e l l  a s  t h e  s o l v e n t  tank  and s e t t l i n g  chamber a r e  con- 
nected t o  t h e  a u t o c l a v e  wi th  s t a i n l e s s  s teel  tub ing  and high temperature  
Hoke v a l v e s  (0.79 cm o r i f i c e ) .  The a u t o c l a v e  has  a temperature  c o n t r o l l e d  
hea t ing  mantle f o r  cons tan t  tempera ture  from ambient t o  4OO0C and an 
e l e c t r i c  motor which produces a cont inuous  range  of speeds from zero t o  
1000 rpm. The stirrer is water cooled when r u n  a t  e leva ted  temperatures .  
A corros ion  r e s i s t a n t  p r e s s u r e  gauge (0 t o  2 .9  x lo6 N/m2) i s  used on 
both t h e  au toc lave  and t h e  s e t t l i n g  chamber. 

The s e t t l i n g  chamber i s  heated e x t e r n a l l y  wi th  h e a t i n g  t a p e  and t h e  
temperature is sensed by f o u r  t y p e  K thermocouples, i n  t h e  body of t h e  ce l l ,  
connected t o  a mult i -point  tempera ture  recorder .  The c e l l  w i t h  t h e  hea t -  
ing t a p e  and thermocouples i s  i n s u l a t e d  such t h a t  t h e r e  i s  no o b s t r u c t i o n  
to  t h e  aluminum windows. 
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O u t l e t  

ii 25.40 16.51 cm 

Front and back plates ,  body and 
bolts a r e  made of s t e e l  

Gasket m a t e r i a l  is 0 .08cm garlock 

Aluminum used is 0.16 cm 2024-T3 
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Figure 2. Schematic of the High Temperature, Pressure Sedimentation Apparatus. 
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A w e t  test meter measures t h e  n i t r o g e n  e x i t i n g  t h e  sed imenta t ion  
c e l l  dur ing  f i l l i n g .  This  g a s  flow is  used t o  c a l c u l a t e  t h e  volume of  t h e  
l i q u i d  e n t e r i n g  t h e  cel l .  

I n  a d d i t i o n  t o  sedimentat ion,  t h i s  system has t h e  c a p a b i l i t y  of f i l -  
t e r i n g  a sample from t h e  au toc lave  f o r  c h a r a c t e r i z a t i o n  of t h e  s o l i d s .  
high temperature  and p r e s s u r e  f i l t e r  h o l d e r s  from M i l l i p o r e  Corporat ion 
a r e  used i n  t h e  f i l t r a t i o n  of  t h e  t r e a t e d  c o a l  l i q u i d .  This  f i l t r a t i o n  
system is secondary t o  t h e  experimental  procedures  presented  i n  t h i s  paper .  

Two 

A Diano Corporat ion x-ray system is  employed which c o n s i s t s  of an 
x-ray head and a power supply with v a r i a b l e  v o l t a g e  and amperage c o n t r o l s .  
The spread of t h e  x-ray beam from a 0.25 nnn bery l l ium window, covers  t h e  
a r e a  of t h e  c e l l  and t h e  f i l m  i n  t h e  0.46 meter d i s t a n c e  used.  A l ead  
l i n e d  box was cons t ruc ted  t o  house t h e  x-ray head,  t h e  s e t t l i n g  chamber, 
and t h e  f i l m  holder .  The f i l m  holder ,  s h i e l d e d  by a s l o t t e d  lead  sheet,  
is movable so  t h a t  e i g h t  exposures can be taken  at e i g h t  t i m e  i n t e r v a l s  
on one s h e e t  of f i l m .  

An E-C Corporat ion automatic  dens i tometer ,  employing a c o n s t a n t  veloc- 
i t y  f i l m  suppor t ,  is used t o  analyze an i n t a c t  5 x 7 s h e e t  exposed x-ray 
f i l m  conta in ing  t h e  information of one complete experiment. The densi tometer  
i s  connected t o  a Sargent-Welch r e c o r d e r  which p l o t s  a graph f o r  each ex- 
posed p o r t i o n  ( e i g h t  i n  a l l )  on t h e  f i l m .  

Safe ty  r e q u i r e s  t h a t  t h e  x-ray be sh ie lded  t o  p r o t e c t  i n d i v i d u a l  
workers. The u n i t  i s  completely contained i n  a lead  box. P r e s s u r e  r e l i e f  
v a l v e s  are l o c a t e d  on t h e  sed imenta t ion  cell and t h e  au toc lave .  Care i s  
taken i n  t h e  handl ing of t h e  chemicals  and c o a l  l i q u i d s  used due t o  t h e  
f a c t  t h a t  t h e  m a t e r i a l s  may be carcenogenic .  

PROCEDURE 

The sedimentat ion chamber i s  p r e s s u r i z e d  w i t h  n i t r o g e n  and then heated 
t o  opera t ing  temperature .  During t h i s  process  t h e  au toc lave  i s  charged 
wi th  c o a l  l i q u i d  and brought t o  opera t ing  temperature .  
unheated t o  t h e  charged au toc lave  and mixed f o r  a per iod  of time. The re- 
s u l t i n g  temperature  a f t e r  mixing of t h e  SRC f i l t e r  feed  w i t h  a so lvent  w i l l  
sometimes be  lowered depending upon t h e  amount of so lvent  added. Thus, 
sometimes t h e  i n i t i a l  temperature  of t h e  SRC f i l t e r  feed w i l l  be h igher  
such t h a t  a f t e r  so lvent  a d d i t i o n ,  t h e  mixture  w i l l  be near  t h e  d e s i r e d  
temperature .  

Solvent  i s  added 

A f t e r  t h e  SRC f i l t e r  feed  has  been mixed wi th  t h e  a d d i t i v e  f o r  t h e  
prescr ibed  time and mixing speed, i t  is t r a n s f e r r e d  t o  t h e  sedimentat ion 
c e l l  by us ing  a n i t rogen  p r e s s u r e  d i f f e r e n c e  between t h e  c e l l  and t h e  auto- 
c lave .  

Af te r  t h e  pressure  and temperature  i n  both  t h e  ce l l  and au toc lave  
a r e  equal ized ,  t h e  wide t h r o a t e d  v a l v e s  between t h e  sed imenta t ion  c e l l  
and au toc lave  are opened. Tank n i t r o g e n  i s  opened t o  t h e  au toc lave  a t  
t h e  same pressure .  Then t h e  f low i n t o  t h e  s e t t l i n g  chamber is c o n t r o l l e d  
by t h e  gas v a l v e  on top of t h e  sed imenta t ion  c e l l  t h u s  avoid ing  high shear  
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between t h e  a u t o c l a v e  and t h e  sed imenta t ion  c e l l .  The amount of  m a t e r i a l  
i n  t h e  c e l l  i s  c a l c u l a t e d  from t h e  gas  e f f l u e n t  measured wi th  a w e t  test 
meter which i s  connected t o  t h e  v a l v e  on  top of the  s e t t l i n g  chamber. 
Af te r  t h e  sed imenta t ion  c e l l  has been f i l l e d  ( 3 0  seconds) ,  t h e  v a l v e s  are 
closed and t h e  sed imenta t ion  process  i s  monitored by x-ray photography. 
The t i m e  of exposure and t h e  i n t e n s i t y  of  t h e  x-rays i s  set t o  y i e l d  t h e  
maximum s e n s i t i v i t y  i n  t h e  important  s o l i d s  c o n c e n t r a t i o n  range.  

Upon completion of t h e  sed imenta t ion  measurements, t h e  c o n t e n t s  of 
t h e  sed imenta t ion  ce l l  is f o r c e d  back i n t o  t h e  a u t o c l a v e  and p a r t s  of t h e  
s y s t e m  are dismantled f o r  c l e a n i n g .  

The x-ray system a l s o  h a s  t h e  c a p a b i l i t y  of chemical a d d i t i v e  addi- 
t i o n  i n  t h e  ppm range t o  promote agglomerat ion o f  t h e  p a r t i c l e s  i n  c o a l  
l i q u i d s .  This  can be accomplished by f i r s t  d i s s o l v i n g  t h e  m a t e r i a l  i n  a 
s u i t a b l e  s o l v e n t  and adding t h e  s o l v e n t ,  o r  t h e  chemical a d d i t i v e  can  be  
placed i n  a p l u g  and blown i n  a t  t h e  d e s i r e d  t i m e  wi th  n i t r o g e n  pressure .  
The system also w i l l  work wi th  gaseous a d d i t i v e s  through t h e  replacement 
of t h e  n i t r o g e n  c y l i n d e r  w i t h  o n e  conta in ing  t h e  d e s i r e d  gas .  

X-RAY MEASUREMENTS 

A f t e r  t h e  start of  s e t t l i n g ,  x-ray p i c t u r e s  were u s u a l l y  taken  a t  
i n t e r v a l s  of 2 ,  4 ,  6,  8, 10 ,  20, 40 and 60 minutes .  I f  slower s e t t l i n g  
w a s  expected,  t h e  t i m e  i n t e r v a l s  would be  lengthened.  A combination 
p l e x i g l a s s  s t a n d  and f i l m  h o l d e r  pos i t ioned  t h e  x-ray f i l m  f o r  each expos- 
u r e .  A lead  sheet w i t h  0.635 c m  slit placed behind t h e  aluminum window 
of t h e  ce l l  pro tec ted  t h e  remainder  of t h e  f i l m  from be ing  exposed. 

Kodak AA x-ray f i l m  is developed i n  Kodak x-ray developer  and f ixed  
f o r  t h e  p r e s c r i b e d  per iod  of t i m e .  The f i l m  is  then  washed and r i n s e d  
i n  Photo-flo and d r i e d .  
i n t e r f a c e  i s  v i s i b l e  t o  t h e  eye  and corresponds t o  t h e , d e n s i t o m e t e r  read- 
ings.  

Usual ly  t h e  d e n s i t y  d i f f e r e n c e  of t h e  s e t t l i n g  

An x-ray photograph of SRC f i l t e r  feed a t  26OoC, shown i n  F igure  3 ,  
d e p i c t s  t h e  i n t e r f a c i a l  s e t t l i n g  zone as w e l l  a s  t h e  compression zone a t  
d i f f e r e n t  t i m e  i n t e r v a l s .  The compression zone could not  u s u a l l y  be  seen 
with t h e  eye and dens i tometer  r e a d i n g s  w e r e  used to  d e t e c t  t h e  top of  t h e  
compression zone. 

An independent experiment  w a s  conducted t o  prove t h a t  t h e  v i s u a l  
observa t ion  of t h e  i n t e r f a c e  i n  a p l e x i g l a s s  c e l l  w a s  i d e n t i c a l  t o  t h e  
c o r r e c t e d  i n t e r f a c e  from t h e  x-ray f i l m .  Neut ra l ized  a c i d  mine s ludge  
was used as  t h e  system. Data p o i n t s  p l o t t e d  i n  F igure  4 proves t h a t  t h e  
v i s u a l  and dens i tometer  r e a d i n g s  a r e  i n  agreement. 

FILM INTERPRETATION 

The f i l m  w a s  placed as n e a r  t h e  sed imenta t ion  cell  as p o s s i b l e ,  y e t  
t h e  r e s u l t s  needed t o  be  c o r r e c t e d  f o r  t h e  spread  of t h e  x-rays between 
t h e  c e l l  and t h e  f i l m .  
f i l m  versus  the  a c t u a l  h e i g h t  i n  t h e  sed imenta t ion  c e l l  i s  found by 

The c o r r e c t i o n  f o r  t h e  measured he ight  on t h e  
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Minutes 

Figure 3. Photograph of X-Ray Negative of SRC Filter Feed at 26OoC in the 
Sedimentation C e l l  Taken at Time Intervals Shown. Settling Inter- 
faces and Compression Interfaces can clearly be seen. 
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Figure 4 .  X-ray Versus V i s u a l  Determinat ions o f  I n t e r f a c e  Height  of Acid 
Mine Drainage. 

geometry. 
t h e  c e l l )  is i d e n t i c a l  t o  t h e  angle  of t h e  x-rays through the  l i q u i d  i n  
t h e  c e l l .  A r a t i o  of t h e  h e i g h t  i n  t h e  l i q u i d  t o  the  he ight  on t h e  f i l m  
can be obta ined  t o  g e t  a c o r r e c t i o n  f a c t o r  of 0.83. The f i l m  he ight  i s  
mul t ip l ied  by t h i s  f a c t o r  t o  g i v e  t h e  he ight  i n  t h e  c e l l .  Nine d a t a  
p o i n t s  w e r e  ob ta ined  f o r  t h e  s e t t l i n g  zone and f o r  t h e  compression zone 
from t h e  e i g h t  dens i tometer  p l o t s  ( t h e  f i r s t  d a t a  p o i n t  being t h e  i n i t i a l  
he ight  a t  t ime z e r o ) .  

An a n g l e  €I from t h e  p o i n t  source  (pointed a t  t h e  bottom of 

These c o r r e c t e d  p o i n t s  were p l o t t e d  t o  f i n d  t h e  i n i t i a l  s e t t l i n g  
r a t e  and t h e  he ight  of t h e  compacted s o l i d s .  F igure  5 r e p r e s e n t s  an i n t e r -  
f a c i a l  and compression curve  f o r  SRC f i l t e r  feed  a t  26OoC. Corrected 
he ight  i s  p l o t t e d  a g a i n s t  t i m e  f o r  t h e  top curve ( i n t e r f a c i a l  he ight )  and 
t h e  bottom curve  (compression h e i g h t ) .  The h e i g h t  of t h e  compression 
region i n c r e a s e s  w i t h  t i m e  as would be  expected u n t i l  t h e  compression zone 
and t h e  i n t e r f a c i a l  zone m e e t .  The s o l i d s  accumulat ing a r e  l o o s e l y  packed 
aGd f u r t h e r  compression occurs  a f t e r  t h e  i n t e r f a c e  meets t h e  compression 
zone. 

F i g u r e  6 shows how a n t i s o l v e n t  concent ra t ion  a f f e c t s  t h e  s e t t l i n g  of 
s o l i d s  i n  SRC f i l t e r  feed  a t  260OC. This  i s  one example of  t h e  type of 
d a t a  obta ined  from experiments  where t h e  a n t i s o l v e n t ,  mixing speed,  mixing 
t i m e ,  temperature  and c o n c e n t r a t i o n  a r e  v a r i e d .  

Note: s e q u e n t i a l  mixing,  s h o r t  per iod  at high speed t o  d i s t r i b u t e  
t h e  so lvent  fol lowed by a long per iod of low speed t o  promote agglomera- 
t i o n ,  w a s  employed. 
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Since  t h e  same amount of l i q u i d  was not  introduced i n t o  t h e  cel l  
each t i m e ,  t h e  p l o t s  of  h e i g h t  versus  time were made i n t o  dimensionless  
p l o t s .  All i n t e r f a c i a l  curves  start  a t  one, bu t  have t h e  same s l o p e  a s  
t h e  nondimensionless p l o t s .  The i n t e r c e p t  of t h e  i n i t i a l  s lope  l i n e  wi th  
the  a b s c i s s a  is equal  t o  t h e  i n v e r s e  of t h e  i n i t i a l  sedimentat ion r a t e .  

The sequencing of t h i s  new x-ray technique i s  i l l u s t r a t e d  i n  F igure  
7 .  From t h e  x-ray negat ive  ( a ) ,  four  densi tometer  p l o t s  (b)  are presented 
t o  show t h e  i n t e r f a c e  h e i g h t s  change as a f u n c t i o n  of time. The i n t e r f a c e  
he ights  of both t h e  s e t t l i n g  and compression zones from (b)  a r e  p l o t t e d  
versus  t i m e  t o  g i v e  p l o t  ( c ) .  A dimensionless  p l o t  (d) is made from (c)  
t o  normalize t h e  experiment. A l l  experiments  are p l o t t e d  with dimension- 
l e s s  o r d i n a t e s .  

REPRODUCIBILITY 

The SRC f i l t e r  feed/n-decane system was chosen f o r  t h e  r e p r o d u c i b i l i t y  
s t u d i e s .  Three i d e n t i c a l  runs  were made dur ing  t h e  t h r e e  month per iod of 
experimentat ion.  The i n i t i a l  se t t l ' ing  rate d a t a  us ing  SRC f i l t e r  feed  
from t h e  same c o n t a i n e r  of a 0.25:l r a t i o  wi th  n-decane a t  26OoC is 36 c m /  
h r  f o r  t h e  f i r s t  run,  32 cm/hr f o r  t h e  second r u n  and 33.8 cm/hr f o r  t h e  
th i rd .  These s l o p e s  are w i t h i n  t h e  c a l c u l a t e d  e r r o r  assoc ia ted  wi th  t h e  
c a l c u l a t i o n s  of i n i t i a l  s e t t l i n g  r a t e  ( s l o p e  de te rmina t ion) .  The s l o p e  of 
t h e  l i n e  i s  very  c r i t i c a l  and a s l i g h t  d e v i a t i o n  i n  drawing t h e  l ine w i l l  
lead t o  a n  error of 3 cm/hr o u t  of 30 cm/hr f o r  a shal low s lope  and as  
much as 15 cm/hr out  of 150 cm/hr f o r  a s t e e p  s lope .  The i n i t i a l  curves  
are very c l o s e  i n  t h e  f i r s t  twenty minutes  and a r e  d i f f i c u l t  t o  s e p a r a t e  
as seen i n  F igure  8. Separa t ion  occurs  when t h e  s lopes  a r e  drawn t o  t h e  
x-axis. In s p i t e  of t h e  g r a p h i c a l  d i f f i c u l t i e s ,  t h e  r e p r o d u c i b i l i t y  of 
t h e  n-decane expcrirnents i s  e x c e l l e n t .  

CONCLUSION 

A new experimental  technique has  been developed t o  observe t h e  i n i t i a l  
s e t t l i n g  r a t e  and t h e  he ight  of  t h e  compression reg ion  i n  a h igh  temperature, 
p ressure  sed imenta t ion  experiment by x-ray photography. 
x-ray photographs a r e  taken which produce a n  observa t ion  of t h e  p o s i t i o n  
of both t h e  s e t t l i n g  i n t e r f a c e  and t h e  he ight  of t h e  compression region.  
This  experimental  technique permi ts  t h e  measurement of h igh  temperature  
and p r e s s u r e  sed imenta t ion  wi thout  d i r e c t  sampling dur ing  t h e  course  of t h e  
sedimentat ion experiments .  This  o f f e r s  t h e  advantage of  n o t  d i s t u r b i n g  t h e  
s e t t l i n g  process  and e l i m i n a t e s  t h e  need f o r  t i m e  consuming chemical 
analyses  of t h e  minera l  matter s o l i d s .  

Time sequenced 

The x-ray sedimentat ion measurement provides  both  t h e  i n i t i a l  s e t t l i n g  
r a t e  and t h e  h e i g h t  of the compression reg ion .  
provides  informat ion  concerning t h e  r a t e  of sedimentat ion and t h e  h e i g h t  of  
t h e  compression reg ion  provides  informat ion  concerning t h e  maximum recovery 
of t h e  c l a r i f i e d  o i l .  This  technique can be used f o r  o t h e r  s e t t l i n g  pheno- 
mena i n  clear o r  opaque l i q u i d s  which would r e q u i r e  e leva ted  temperature  
and pressure .  

The i n i t i a l  s e t t l i n g  r a t e  
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